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Abstract of JP6151998 

PURPOSETo make it possible to manufacture a compact actuator having a three-dimensional 
structure using the driving based on piezoelectric effect by filling piezoelectric material into the 
structure formed on a substrate by plating. 

CONSTITUTION:An electrode 1 1 for plating is formed on a substrate 10. A photosensitive 
material layer 12 is formed. Light is applied through a photomask to an intended part to be 
sensitized. Either of the photosensitive part or the non-photosensitive part is developed and 
removed in correspondence with the photosensitive material. Thus, patterns 13 and 13' are 
formed. Thereafter, metal is deposited on the patterns 13 and 13' by electrolytic deposition on 
the electrode for plating. After the development, the remaining photosensitive material is 
removed, and a substrate is formed. Finally, a piezoelectric material 16 is filled in an intended 
filling part 15 between the metal patterns. Thus, the displacement in the parallel direction with 
the plane of the substrate 10 can be made large by utilizing the piezoelectric effect. 
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(57) [3S#J] 

±fc«Jfctt4TO«Wt*:EB. *%tt*m*Jl(x*/l^ 

xs»^>ya«t«*fflv>Bfa«*a«»*-r«ifi. ft 

jEEHWff *^a-r sis* ea5?-f?P7^fai- 

*5c#iji&:rr**s!074^:xx-* s^s-r-s n 1 
?5«?iiBtftD. s&cT^ax-^&fcSEtrt*:: 
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1 

a) g«±K:*;/*ffl«@£Stt5:Dg£, 

e) mm®L®ikLkmm-o>mmo)-m$:xy?>v 

[§&5R®2] SfilCMt5-7'firn7i'faI- 

a) S«±lC/<>*ffl«@S^5iei:, 

b) S«±lC»ttJi*^^5Iiet, 20 

c) ^•y*fflS®SffiAfcSS±Cgi?t14^SI8ltS 

d) ®&%&m*ftx*)i*-tk9t%\z&mftmz 

e) R«8^£bfc$#lw&JB£&&;<y*bft«Ta 

f) 83!f^Sbfc$#E«*©i?rM©-fiB£:X>;/^>^ 

g) t&xy?>>?&%Litw>mzmimzEmtm*% 30 

h) K«eSSK!*-rsXSSfflV>Sii:S:1$Si:T5 

3 3 fcX^l^-ttlttg i: 1/ Tifcl 4 0 0 n 

fc»2 tCg^OV-f ^DT^^iX-^©^®^}*. 

[»*S4] JtSX*^-»StS£LTXSl£ffiffl-r 
■5 £ t tt Z m*m 3 KLfEiS© Vf * □ 7 ? ^a. 
x-*©f£$l#i£. 

[SI*S5] iSx*;l/^-tt^tLT-»^Dhn 43 

>i&ttm&m?z>z.t*ftmt-r2>m*m3izmm<D 

^ 1 2 KJESS©-^ ? u79J-a.x-9<bimj3 

^cStbAcr t*»afr<bSI*S 1 *fctt2 fcE«©f£ 
flaac J: D^aLf7< i» fal-i'. 50 
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2 

mxms] tm*y*Lftmurc®ft(o$m\zm§a. 

1 0 ] I5EJES# U 7 •> ft fcf = 

'J ^> tH7 {LX5 1 U >©#»&#*> e. & 5 £ t 

[B#Si 1 1 ] HEEE«tm## U v-*fcB^ t 

an*! 7 ceawv'f ? n y^^x-*. 

[56$©i¥&fcHl9» 
[0 0 0 1] 

»«±©«IB»iH *»«tt7{'faX->, mz& 

&m n fc/hn© 7 1? =l x- 9 ± #■€-©#«# 
fticii-r*. 

[0 0 0 2] 

[«E*©ftffi3 ifi¥, **fc1WI*tt*©WJH»*l«lfc 

»aa**7f ?ax-**«, anfcttHK>. «®as£ 

S«©jIJS»C#V>. SBt&oTVJ*. $&» jme>© 
itMKttK 7^^aX-^©/M!fl;^©S*"&MH. 

[0 0 0 3] MM^tM*fc»(t1I*ftftrT3«MI 
$<hLTte, scanning tunneling microscope (ST 

y^aX-*****. STMtttt»ifc*B§«#*ffi 

■5. fl6*^6ffl^6nTV>*/t;H'a!©lfxV7^g t a. 
X-^tbTB, 3ffiia! (G. Binnlg et al.,IBMTechn 
ical Disclosure Bulletin,vol.27,no.l0B,1985,p5976- 
5977) a.-Zfm (G. Binnig et al.. "Single 

-tube three-dimensional scanner for scanning tunne 
ling Microscopy " , Rev. Sc i. Instrum., 57(8), 1986,pl 

688-1689 ) ®fiimmti3.z>j£mtm\t. -us 

yu>5^a*. *&. »x. umsttrr. #s 

jaaciD^iaans ceo* & "EStm© 

SfiifS/fl" f£rr ^-XA->- 1985, P19-21) . 

)wm<D\±xV7>?3 : -3.x-9\mm* «©f^©anuc 
©*lfi*<»4. 

[0 0 0 4] 7?^x-*©/hSHfc©g;R£i5|/t-rfi 

^^iX-^roti^^^nTv^. Sffi. sig^nT 
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(3) 

3 

J]\Zg?Z>>?<)7 ; 7>Z&&gtifr. i£bTf?rM© 

fcZnOSfflV>&lfI!//t'f =t)Vy (S. Akamine et a 
I., "Microfabrlcaled Scanning Tunneling Microscope 

" IEEE ELECTRON DEVAICE LETTERS. VOL. 10, NO. 11, p490 
-492(1989) ifi$>2>. 

[0 0 0 5] IsfrLUifiZ. yU3>^DtX*tftt 

ffi±^©Jni£fcDatrSi&££iiaift;*ns. z\n\t. 

[0 0 0 6] !DXC!>KtteAa«A±2««AlX^tt^ 
LT, Kernforshungszentrui Karl sruhe©Ohrf eld ^ 
fciOS^nhnvttNatJBU&L I GAjgffi ai 
thographie, Galvanoformung, Abformung) 
T(^5 (IEEE Solid-State Sensor and Actuator Works 
hop, Hilton Head. SC. 1988, Technical Digest ppl-4 20 

) . a&K. l i GA&mizm&mzwrtT. ioe 

(H. Guckel et ah, "Fabrication and testing of t 
he planar magnetic micromotor " , J.Micromech. Mic 
roeng., 1. 1991. pl35-138) . L I GAgffiSfflUfcT 

^ax-*<bbTffi££ft;fc&©tt. flHt§lft£J:tf 

[0007] 30 

muxes*. *Bw©iMtT*fci:3i*. 

<D 3 *7C*aH**#**72?:i.x-^ 

®/j*aft*fiMBfc±e 2 atafe-fr* ^a.x-*©# 

±e<D. ©*J:i«3>*HB*fcllJ£L1i 
? n7*?3.X-*43«fctf*©f£»#ft*ffitt-r 

[0008] 40 

rtr'^ttsnfc+awtt, site. **±ic»#r* 

T-f *D7*3 l aX-$'©ttJb!rt6K::fetvr. 
a) «R±C*y*Jfl*«*«**iai. 

xmt. 

c) K*3l£ttlf»ftKx*jl/4 £ -*W«C±D»»WC 

*#Lfc««#*fc#«^©xy^>yjMas«H«r» 
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e) ttaft|iraL&S#^©ffia©-S£x:y? 1 >'jr 

aX-?©f|tM#ttT»«. 

[0 0 0 9] 8 2 Id, &SLk\Z.fMft*1<i9U799- 

iX-^rof^Sfc&Stii^T. 

a) »fci:e;*y*fl«BS«t*:DBi. 

b) £4^£WttM«Ktt«:cS&. 

d) ®®xmm&x*)i*-mmz&K)Mftmz 
xat. 

f) K£«RSl,fc«#«*©Bra©-**X5^>y 

g) ttXy?>yBSLfc»»^iR«fcEE»*ffl** 

KJm-c&Q, mat, Kx***-*«iti/T«* 

4 0 0 nmBlTOStfi^Sffiffl-rsrt&^St-r-Si 
3E 1 Sfctt 2 fcCa© - ?^ *n7i^3.X-*©fl2*3& 
ttTfcD. 141;, *x*^¥-;IMHIfcLTxaftlK 

m?zz£*imt-rz±&a\zfi!m<?>-7<{ pur*?? 
a.x.-9on/m%&r**)> m5\z. ax*^*-** 

•T*±8E 3 fcESc©-?-* ^ n7^5 1 3.x-^©f^tt*S 
T»0, I6C, |lrB*y*Ua5OT*:i»©*K:«« 

IE 1 * & tt 2 lcK8© v-f * n 7 * ^a. x-* ©«£«# 

n&i&mLitz.t&ffltifr&±3& 1 *fc»2 tce«© 

ttK#?£ lc<fc 0 f|s& L v-f if □ 7 * ^a. X-* 

d. ssic wg^^*u^«ibfc«»©affi»^aw 
^DT^fai-^rit), M9t. goeeEttHfWE 

'J n tfcttafc-f *±E 7 fctB«©v 

-fdrn7jr^aX-^T?*D, JSlOfc. M6£Ht#U 
"sr-©*ff««7 y ft tf- U f>t=7 vfcX* W>©& 
*£(t* <E>fc-5 - 1 1»« tT6±B 9 fcEtOV-f j» 

□ 7^fal-^1!ftt), SI 11:. lWBrlEE*tt»AJffi 

s»«u&t>©*»e&*rts!f$afr5±se7K:iEa 

©T-f ^ n 7 ^ ^3. X— ^ T?& s . 
[0 0 10] 
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5 

mmmzft&Tz>zt\z&o. f£m%i%\z&zmwiti 

S-r-Sit^BJIITfeO, SSfc.hBTi'f'a.X-a'* 
[0 0 11] 

[HJg««|] KT. #fSW£0 1 ~ 1 2 ©B^lcS^T. 
#5gi5i©0iJ t b T7-f £ n 7 ? ^a. x-* ©&#Wf£& 

m A-rtjt^s^g^xx-*, &jni7??:xx 

*«W©T'f*n74^3.X-*«STMI;:jSffl 

[0 0 12] SffiWl 
♦BfflfflV'f ? n7^^3.X-^©fPS!*S*SiK-r-5 

is*Hifc*r. ski o±ic^-y+fflmffii i*» 

J*U BJM&lffil 2*»)frr*. SStbTttS i, 
*XS«. #?xa£tl*!MI*tfflV>*ci*^F*T 

\zm^z>y* buzz hsxtf>x>^ x^ytr> 

[0 0 13] Httt^UTV>av»3J». ±SE©<ijn*»ffl^i 
£•37* Hvx**aLT3£*JiSJtU^tttroi 2© 

13' *Bdc-rs (hi (b> ) . c©&, *y*mm 
ft±ts»wmtc±o/^->i 3, 13* c&jR**r 
ais-arffifflea i 4. h' sj^is-t* (01 
(o ) . a*ftfca?fcaxtt4m&Nt£u ^jk/^ 

1 (D) ) . ftft£&JRrt?->H©ffia©*#M#i 

5icje««»i 6 s^arrs (01 <e> ) . 

[0 0 14] 02tt, JiC8MHbfc*a!W©«ttftWV> 
Tf^SLfcEm7^9 1 rLX-^T»-5. BC*l/fc7£ 
^a.X-*tt&S&«ffil 4, 1 4' icmjE^HJJn-r^^ 
fcC^QBSftftfil 4fc»LTEE«tTOl 6«fMRUB 

Sfflt»&trx»/A'ft;P7 (itaSS. Akamine et al.,»C 
J: «) »«*BfcWft»l«J'vfi!>«a[i9MBJ«Wfc*a < 



(4) ft|g¥6-l 5 1 9 9 8 

^3. X- ? ttgftffiCW tnSEE 

[0 0 15] *3M0fl«2rafcJ:DIMW-*JS17* 
^3. x- * a^fittSttlIfcS*tt#ffl fc*(t« 7 ? 
^aX-*©***!*©**. rttfc£C*tttm©JP 
*. **T*EW»iHWM©ft* ©*«**£* 

«JC¥fTft#lR]©&*©J¥*, 
©EEfB££ft fc <k 0 &5£3 tlS. 
[0 0 16] S3tit»»©JP*B7* HJ y^77-f IC 
J0 £tf«fltM/tjr->©K*lzJ:DJl&«. ft/MMR*ft 

wmggtL — 09£LTBruno Frazier et al, 

( "Design and fabrication of electroplated micron 
otor structures" Micromechanical Sensors, Actuator 
s and Systems ASME 1991. pl35~146. (1991)) iCfS^© 

AtSHechstttfiAZ 4 0 0 0->'J-X*ffl^4IlttC± 

©fl^*m©jp*fc«w*->***-r««$, 0 

H3K-r(A). (B) , (C) ©XgS:jgrjigbff5 
?fal-^ ©Sffi(CHit^^|6)fc* »* S^ 5 ? #!*)©£ 

vuvu >it^*mtoxwt!&ww>m** i o o ~ 

1 0 0 0 ymtt SIltK±rj 1 ymgSwaiffl^^- 
[0 0 17] ;£8f SJESimtLTtt. ISS!lSffi©« 

**M»b«:«-&*»» UtUi, "JEMttiBMH***© 
tt*£jfcffl" . Hft4 6¥«aH¥£g£*£. P4 7 

6-479) , V)i>y)im\z£mifrrz>i£mwgzm 

»Cjg#«lffSfT53S«. *^W©7^5 1 3.X-^-ca* 

»*^*L<. 7-yftt='J7 : >tH75'ft:X5 1 P>© 
*S^-fr (P- (VDF-TrFE) ) ^©KglSWBE 

[0 0 18] ^JR/^^->ra©0fM©^riffl»»l 5^© 

ffi i ©jatLTH, a«M»fc*ra:i,fcttAn 1 7 & 

*-r*^U-M 8ft«fi±CEBLfl£An*ai;TJE 
«*m**8W**tb*»*»f6ft* (04) . 
[0 0 19] ^2©SffitLTtt. tf%tt«»«RA-r 

5fS»C» *«gS©«.®3ttt»ff©l»*SrEitf Sffllh® 

*<CtlC«t»3fT53!;ffi*«»tf6na. z\<r>ijmv\t, 
50 Bl&n«iC^sr^«tt±K:AH««rtBd«. afttt 
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\z&?lt&ft&tmzt*£tzztx%is (O <r>®& 

Lte^£$izi&mm±Mtm2 1 zziz, 
mstm 1 9 tj&rnm 1 5 omyt&tm&miki, m s 

(D) ) . }£&ttn&mi6?ZZ.£\z£*)3£m$Mi<\<D 
BE«*m©;fcg£fT5 (05 (E) ) . £©&, jfeiglS 

f?5 (05 (f> ) . itmm&mz&if>i<wt&ntt 
»&7>- mzm<>x®m\z®2i-rz z txxrn 

t«v mmmzm-oitmytmm&m^rmn-v^m 
mft<r>&% i m®* ! m&Lii^&5mik?z z timm 
fc$m-v$>n\i&i<\ ^mm±mtmtvx\t, %*m 
ius tm * bs£-t s is \zm&>nm# & rmm b 

iS#?«fl£©Mn©tm£ffl^T%«fcV>. ^E«ffllhffl 
#&©«&&*S,>:bTtt. Sfcfi 
6«flW fflf •SSffflTjifc t J; 0 ff 5 Z t WX Z *. 

V>. 0 5©*ffi«, H4CjR-r*ttilt'<T, 7*HJ 
Vf57^*fflWW- >ffiM£T * S fc* 7" h 
©{4fi-&fr-B:©!&lS]9«fc<. ttSBfc/^->"v©a8Wt 
njflgtfc*. «f(C. EES#R£bT (VDF-TrF 
E) , PVDF*C^>Bl3;U3>a»©3IW»<M» 

[0 0 2 0] &6SW2 

nx-* t it bTg&g£*£ < #5 r tw~Bim?& 
0. HfcSTJzSfcMMlHSeBTSilfc-rZ, X, 

fT^XTj^ro^fig^^t < t s z 

[0 0 2 1] H6(C*1-A-f : EJl'7S!7 ; >^rLX-^© 

MfiSffi* A Z 4 6 2 0 £7^ y \£>tf\Z&r>, T i 
0. 3«m£;*-;/*fflm®£bT®J&bTifc5S i Sffi 

±t5 oam^u 7* mjv * 40 

4 urn, ^aJ^©/^->"BB6/£mtLfc. l^X 

j6ss#4 0 0 Mmiz&.5*-eaiDiiLfft>fc. £©&. 

SiOi SI /imB2« ; Fe-A8*ffilcJ;DjSKl/. 
7* MJ Vifyy^f \Z J: DB*«ff8&*«MB#±lC S 

i Oj a>5fc3Hj|Ji©A'*->&JBj«b;fc. U 
i>X h&T-fe h>lC«k»3»3cb. »-3cb&ffl£fcAu& 



&M¥6- 1 5 19 9 8 
0> KtffeQAuOttftHriBttttK S i O. HLtJ|& 

7-feh>fcT»*bfc. *C. ftll&k:J:0!MM(HI 

SfTSSf^^i'Wr^AKa (PZT) £PV 

D F C&$^b&HMtt&&^*tttt&±e&K 
«HttfcTfflHfc»it*JlltfLfc. CO*. AuSHy 
U 0 6K*-r;H^;l'7S!7i'^aX-^S^Sb 

mzL&mm&*.z<Lfz. zco^o\zhxwmbtz7 
23-3.x.-9\*2 0 ov&WDn-rsniitiO^figs 

X7j(«UC±0. 1 2tim&mrZ>Z.ttmmtU-otz. 
[0 0 2 2] %Mm3 

*5s^©aw =E)iymr jfii-^flg 2 ©w©t8P5 

H*H7IC^-T. H6©7^?aX-^titbTS«lC 

¥ff**[fiit7^?-jLX-^©g^iftis*a. cnc 
.to, !S3tf4»iiEf©ff*sjp<-rsct^<, mmzw- 

[0023] m7\z7r.tn-(^ym7 ^^0.1.-^0 

XS0T«H7(C*-rA-A' ©KfffilC^ttS^SXS 
$^bfc%©-rfc5. S«3 0±»C^ttl4 
b. KVJT^y*ffltlS3 1, 3 1', 3 1" 
9-->{fU tXtt«A3 2«ttLfc (08 
(A) ) . S«tbTSBI5^&. WMitbTX^y 

y* HUV^77-etcJ:0;^-->^bg|bfc. Zn 

rWS*tt««BH 6 ©7^^3.X-^©«s®ICffl^fct> 
©tl^*tbfc. VVXVWWS- 3 0/tmtbfc. S 
3ett»»3 2S@3t. ^®l»^b. rt9->33. 3 
3' , 3 3" S^fifcbfc (08 (B) ) . X\Z*»j*m 
S@±tc«S?«rfflfcJ;0N 1 $«rtH$-H-BI!imB3 4, 
3 4" 3 4" ZMfiLl, (08 (C) ) , mQOTf^D. 

«»»3 6, 3 6' S^t«bfc08 (D) ®^fS©fc© 

(0 8 (E) ) . ^gjfflab0 7©A , 'f^7^7^^ 

fT©73l")lCi»ttH±©g#7jlRl©^S « 1 mmtlfe. 
SMttntbXit, P (VDF-TrFE) Sffl 
Z<DXo\ZLX^nVtc7i/^=LX.~if\tl0 0 

V%Wa-i-Z>Z.£X&&mZXJjfa\Z±0. 3wmffit 

tt«<EJ©JP*S:lt«M»< -T -5 dt^gg-pSS^ t \Z 
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[0024] &u, mnytzm^itTZTzLX-faft 

*?5E©7^:xX-*©lg8tonjtB£fc*. 
[0 0 2 5] UdStfH 

-*©l»8B«H9l;:iST. £*ltt» 07©A*1' ; &.>l/:7 10 
fal-i'TlJSSlSatLTd 3 3£fijfflf SZli 

&S&S©©a*->iH, &3fctt*m©JP*3s© 
1 0 /im, £«&#©»£: 1 0 0 tLft. 

ftmtzmntmtvx, pvdficpzt©^r€# 

tZZt\z£K>±0. 5 Mm^tt-r^di^Ttrfc. 

[0 0 2 6] §£56095 
01 OBSTM^JgfflbfcSTM:/n-:/©i&l3lj0^<& 
5. 0 7©A^;],;7g;&>^W1-©aSSSI;:h;>'* 

SffifciE^ifcS.Akamine ^ICiSZnOSfflV^H^ 

^ 7 m 7 z x- 9 amtm tzmmn m tc»*g& e 

CtlfcJ:t>. iffl£t*ft©ffll£Bi&£3tEb:^STMfc.fc 
5S£*|t*Jfle<!:fc-5. *&. ^©STM^CJ-^SIfigc 

fcasrrs c 1 1> njiEic/fta. 
[0027] mmm 

01 ittjucffi©*:ffl«s^-r±aiH-p*o, x-yx 

x-yfcjKJHbfcJfr&Ctt^TS-S. 812BH11 
©B — B ' ©8fffi0T»-5. H9fc*b&ffl®S!7^?- 

al-J 1 0 osaasioottaritioxT— S^2 

0 3 *, U/uV 2 0 2 Sfl-bT, S«fc*tbT¥ff & 2 40 
*7CiBC*ttf*Ct*tBrfiBtf»«. lM,b2 0 2:fe,fc 
0 3tt«®S!7^5 1 3.X-^Sfl;S-r-5(S 
©*SWfl«*©H*£ LT«MM±fc»*T« C fcfc J: 

Dfwr*. 0«t>i o i, 2 o if*. **nfn«iffl7 

^jLX-*©3«*«fctftt^biS«©S«i8rr«£B 
«E*©X-YX7 L -vttX5 i -v«Bt7^ 

uTt. »a-r«c:tlc«k0fPSbfc«t. #fS9!©x- 

YXt- vtt7 * h U V ^ 5 7 4 lZ£ 0 -S b TfPST? 
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iff 

[0 0 2 8] 

x-^*«kt;-e©fp»7ja»c«fc(3. EESSimsfijfflb, 

[01] *MO-7-<i'n7^faI-i'OfP8Ii 

0. 

[02] *wH®7^?-3.x-^*Rwr«*»aa 
[03] *jsiw©T*?a.x-^«>*ttaiff*iBfrr* 

JSffi0. 

[04] *^M©»l©fiE@««©SK^7j}iSi»9] 
TSBrffi0. 

[05] *»93©£ 2 OS«t»tt<!)ffiRXft#tt«Rlfl 

[06] *ftWto&10»U*:)V7M7>;3'3.X-9* 

R9rr-&fl«H. 

[07] *fSW©^2©A*-f : E^7S!7^9 1 ^lX-^S 

[08] *5!M©3I2©A-1 ,; EJI'7S!7^9 1 3lX-4'© 
ff&XSH. 

[09] *«Wffl«lfflrjr^3.x-^SKWr*«fi 
0. 

[010] *JgW©JWfl«T**STM7n-7fcKH 

-fS^B. 

[0i 13 *»w©*ffln , r**x-Yxy-3;**w 

[012] 2jE%l^©Jt:ffl«T*5X-YXx-i'SitlW 
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